The evolution of migration in an animal population produces a suite of physiological, behavioural and cognitive adaptations. Migratory birds, in particular, require the ability to return annually to breeding and wintering sites after long journeys, and thus might be predicted to have evolved enhanced spatial memory. In a comparison of two sparrow subspecies that co-occur in winter, the migratory subspecies (dark-eyed junco, Junco hyemalis hyemalis) performed better than the nonmigratory subspecies (J. h. carolinensis) on a room-scale spatial memory test. The migratory juncos also had more densely packed hippocampal neurons than did nonmigrants. Among nonmigrants, we looked for hippocampal differences between birds that occupied two home ranges annually and those that remained on their breeding territory year-round, to determine whether migration, per se, is related to neuroanatomical differences. However, we were unable to reach any conclusions because of low statistical power. A denser hippocampus could be the basis for better spatial memory in migrant juncos. Further testing of spatial memory on a landscape scale is needed to strengthen this argument and to understand cognitive differences between migrants and nonmigrants.
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When populations become reproductively isolated, behaviours can undergo evolution just like other aspects of the phenotype that have some genetic basis. Cognitive abilities also would be expected to change as a result of natural selection. A well-studied example of this phenomenon is that of food-storing birds that must remember where items have been hidden (Krebs et al. 1996) . Researchers have demonstrated superior spatial memory in several such species when compared with close relatives that do not rely heavily on remembering locations of stored food (e.g. Kamil et al. 1994 ). In addition, one part of the forebrain, the avian hippocampal complex (hereafter: hippocampus), is larger in food-storing species, presumably because of natural selection for better spatial memory (e.g. Hampton et al. 1995) .
In the present study we compared the spatial memory and hippocampus of two subspecies of dark-eyed junco that differ primarily in their migratory behaviour. One subspecies, J. h. hyemalis, migrates thousands of kilometres each year and the other subspecies, J. h. carolinensis, is entirely sedentary or moves only a few kilometres between nesting territories and wintering home ranges. Both subspecies spend the winter together in mixed flocks within the year-round range of the nonmigratory birds, providing an opportunity for a natural experiment in which we could control for environmental influences other than those occurring when the migrants travel north to breed in the spring. By using two subspecies that may have split as recently as the last glaciation (10 000 years; G. Barrowclough, personal communication) and matching subjects for age, sex, geographical location and capture time, we minimized many of the extraneous variables and differences in evolutionary histories that have plagued earlier comparative studies of behaviour and brain.
Our general objective was to determine whether the evolution of migratory behaviour in juncos led to cognitive and neuroanatomical changes as well. Our specific objective in experiment 1 was to determine whether migrant juncos performed better on tests requiring memory for spatial information. We used
